, n A cDNA clone was constructed from a mRNA encoding an anti-GAT (Glu Ala Tyr ) BALB/c monoclonal antibody heavy chain. Its sequence, covering codons -5 to 162 and therefore encompassing the complete V-D-J region, was determined. Surprisingly, the sequence of the V gene-encoded region was almost identical with that of the BALB/c V anti^NP (A-hydroxy-3-nitrophenyl) acetyl V region, suggesting that the same V germ-line might be used to encode two heavy chains contributing to antibodies of discrete specificities. A specific V probe was derived and annealed to Eco RI and Egl II restriction fragments of liver (unrearranged) DNA extracted from the BALB/c, DBA/2 and C57BL/6 mouse strains that differ in their H chain allotypes. Under stringent conditions, only a few bands were identified by Southern blotting. The different patterns observed suggest that the V anti-GAT repertoire differs between these strains eventhough their various anti-GAT antibodies express the same public idiotypic specificities.
INTRODUCTION
Iinmunoglobulins are symmetrical molecules composed of heavy and light chains that both contribute to the structure of the antibody combining site through interactions of their variable (V_ and V.) domains (1). ri 
L
Immunoglobulin germ-line genes need to be rearranged before expression : two genes are used for the V domain (V and J ), three genes for the V L L L n domain (V , D , and J ), in addition to a leader (L) segment gene H H H located 5' to the V and V, genes (2) (3) (4) (5) (6) . Furthermore, somatic events n L affecting both chains (7, 8) amplify antibody diversity. The relative proportion of the germ-line and somatic origin of this type of diversity is still unknown. Determination of the overall number of V germ-line genes is required. Various approaches have been used, such as Southern blots of genomic DNA restriction fragments to a series of cDNA V probes (9, 10) and the isolation of V germ-line genes from mouse genomic libraries (8, 11, 12) , especially in connection with the expression of public idiotypes considered to be germ-line markers of both of the V and V domains. n L > IRL Press Limited, Oxford, England. 4007
The random synthetic terpolymer poly Glu Ala Tyr (GAT), elicits in various strains of mice anti-GAT antibodies that express the public idiotypic specificities termed CGAT (13) or pGAT (14) . These specificities require both the H and L chains of the idiotype in order to be expressed (15) . Analyses of the NH.-terminal amino acid sequences (residues 1-43) of 16 H-L pairs isolated from monoclonal anti-GAT antibodies (16) suggest that the V and the V regions of the pGAT idiotype are each encoded by a very small number of germ-line genes. More recently, we reported (17) on the complete sequence of four BALB/c V regions, using mRNA a nucleotide sequencing, as determined by a modification (18) of the chain terminator method (19) . Two anti-GAT heavy chains (G5 Bb 2.2. and G8 Ca 1.7), which were derived from monoclonal BALB/c antibodies expressing identical public and private idiotypic specificities, had completely identical sequences, encompassing the entire V-D-J region. This sequence could therefore be considered rather close to that of the V germ-line gene, and H thus the G8 Ca 1.7 hybridoma provided a good material to derive a V,-"GAT" n cDNA clone. In this paper, we report the isolation and nucleotide sequence of Heavy chain mRNA preparation
Total RNA was extracted from frozen tumors by the LiCl-Urea method (22) .
The Poly-A RNA containing fraction was eluted from oligo-dT-cellulose (T7,
4008
Collaborative Research) and enriched for H-chain mRNA by sucrose gradient (5-20%) ultracentrifugation as assayed by cell-free translation.
Construction of the cDNA library cDNA was synthesized (23) from 10 pg of poly A -RNA enriched in H-chain mRNA under conditions allowing production of "full-length"
transcripts (24) (25) (26) . After treatment with SI nuclease and Sepharose 4B gel filtration, cDKA fragments larger than 800 bp were inserted at the Pst I site of pBR 322 using the dC-dG tailing procedure (27) and a 1:1 (vector : cDNA) molar ratio. E. Coli transformation and screening of recombinant clones were performed (28) initially with a cDNA probe derived from the pG 1.6 yl cDNA clone (29) . The size of the inserts was estimated by gel electrophoresis of Pst I digests of purified recombinant DNA (30).
DNA sequencing
Sequencing was performed (31) using either terminal transferase mediated addition of Figure 1 : Characterization of the anti-GAT V cDNA clones. Probe a was derived from a C cDNA clone (29) . Probe b was derived from our cDNA H 123 clone as indicated. Probe c was a Pst I fragment from our H IV 92 cDNA clone. The restriction map and sequence strategy of IV 92 clone are indicated.
3.8 pg of cDNA and 1.4 |ig of cDNA, . Upon treatment with SI nuclease, ss ds 0.9 jjg of cDNA, was isolated of which 3 ng was inserted into pBR 322. When screened with a Pst I/Sma I digest of pG 1.6 cDNA (29) that contained the second half of C u l, the hinge region and the first half of C 2 of the yl n n chain (codons 178 to 288, probe a, Fig. 1 clones assayed to be positive with this probe were included in the 39 clones previously identified with the pG 1.6 probe. One clone termed IV 92, that gave a weak signal with the pG 1.6 probe a (Fig. 1) and a strong signal with probe b (Fig. 1) was further shown to contain a 600 bp long insert consisting of the entire V region, including the 3' end of the leader segment and the 5' end of the constant region (Fig. 1) . (3 to 7) were evident ( Fig.3 and Table Table 1 We describe here the isolation of an anti-GAT V u cDNA clone that n covers codons -5 to 193, the sequence of which was determined until to codon 162 inclusive, thus encompassing the V-D-J regions. It should be stressed that this cDNA, although synthesized from the 3' poly-A end of the corresponding mRNA, has most of the constant region deleted. It was first identified with probe a (Fig. 1) because of the overlap of the 3' terminal 60
nucleotides.
When compared with other V sequences, that of G8 Ca 1.7 clearly n belongs to the V II subgroup, as defined by Kabat et al. (42) and which n contains a wide collection of heavy chains, including BALB/c anti-dextran (43) , and C57BL/6 anti-(4-hydroxy-3-nitrophenyl) acetyl (NP) antibodies (44) .
Despite the homology observed, it seems unlikely that these different Vj. Using probe c, covering codons 4-81 and stringent conditions, simple hybridization patterns were observed with Eco R I and Bgl II restriction germ-line DNA fragments (Fig. 3a) . These observations confirm that anti-GAT antibodies expressing the pGAT or CGAT public idlotypic specificities (13, 14) indeed use a very small number of germ-line V genes. Furthermore, it cannot be concluded from this approach whether all the bands actually represent an anti-GAT V gene. For instance, some bands might reflect cross-reactive or pseudo-genes, which would lower the actual number of germ-line genes. It was also observed in Figure 3a that hybridization patterns differed at least partially whenever different strains were compared. In fact cross-hybridization observed with fragments derived from the C57BL/6 strain may not reflect the actual genes used in this strain to synthesize anti-GAT antibodies, since, at least in one case analyzed (Rocca-Serra et al. submitted), the V u structure was only 75% homologous to ri that described for the BALB/c strain.
Because of the conditions of high stringency that were used, only genes having a very similar sequence should cross-hybridize. As the four anti-GAT V BALB/c sequences recently reported (17) share greater than 95% n nucleotide homology, they clearly should cross-hybridize if they represent discrete germ-line genes. Similarly because of the extremely high level of homology observed between the two BALB/c anti-GAT and anti-NP V sequences, n it seems very clear that either V cDNA probe will lead to the same u hybridization pattern. At this point, it cannot be decided whether one or the other of the anti-GAT or anti-NP V,, nucleotide sequence actually represents n the direct expression of a unique germ-line gene. If this were the case, the most likely candidate would rather be the anti-GAT sequence since two monoclonal antibodies, derived from separate fusions, expressed identical V regions (17) . Clearly, the final answer will rely on the isolation and characterization of the various cross-hybridizing genes derived from a genomic library.
